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Reproductive Effects of Male
Dioxin Exposure
The Use ofOffspring Sex Ratios to
Detect Reproductive Effects ofMale
Exposure to Dioxins
Toppari et al. [EHP 104(suppl 4):
741-803(1996)], writing of the possible
effects ofdioxin, remark that no reproduc-
tive disorders in adults have been described
after the accident in 1976 in Seveso, Italy.
Publications since the submission of this
paper put this assertion into perspective.
There is good evidence that the sex ratio
(proportion male at birth) of mammalian
(including human) offspring is partially
controlled by the hormone levels of both
parents around the time of conception (1).
Egeland et al. (2 reported that men exposed
to dioxin had low testosterone and high
gonadotropin levels. Noting that this hor-
mone profile is associated with female off-
spring, I predicted that exposure to dioxin
would be associated with the subsequent
births ofexcess daughters (3). This has since
been confirmed with respect to the accident
at Seveso (4) and to the workers exposed to
wood preservatives contaminated by dioxin
(5). The former study reported that a few
heavily exposed parents produced a substan-
tial and highly significant excess of daugh-
ters. The latter paper reported a slight but
significant excess of daughters born to a
large sample ofmen ofwhom it maybe pre-
sumed were not severelyexposed.
There are a number of illnesses and
occupations in which men have been
reported to sire an excess ofdaughters and
to display low testosterone and/or high
gonadotropin levels. The illnesses include
non-Hodgkin's lymphoma and multiple
sclerosis. The occupational exposures
indude those men involved in driving, div-
ing, and those exposed to the nematocide
dibromochloropropane (DBCP). Table 1
provides the references that substantiate
the excess ofdaughters and the above hor-
mone profile. Other occupational expo-
sures that are associated with low offspring
sex ratios are related to high-voltage instal-
lations (6-8), sodium borates (9), and car-
Table 1. Male illnesses and occupational expo-
sures associated with low offspring sex rato and
high gonadotropin and/or lowtestosterone levels.
References
Low offspring Hormone
Illnesses sex ratio profile
Non-Hodgkin's lymphoma (11) (12)
Multiple Sclerosis (13) (13)
Exposures
Professional Driving (14) (15)
Professional Diving (16,17) (18)
Use ofDBCP (19) (20)
bon setting (10). Such exposures may be
suspected of disrupting men's hormone
levels, but I know ofno direct evidence to
document this suspicion. Thus, low off-
spring sex ratio may be regarded as a useful
noninvasive monitor of reproductive haz-
ards to men. Little is known about the
effects ofsuch exposures on women.
William H.James
The Galton Laboratory
University College
London, England
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Response
In his letter, William H. James makes a
valuable comment on our recent review on
xenoestrogens (1) concerning reproductive
effects ofmale exposure to dioxins. Whereas
adverse reproductive effects ofdioxin in lab-
oratory animals are well documented (2,
data on exposed human populations are
scarce. The novel studies on offspring sex
ratios of dioxin-exposed people are there-
fore very intriguing. Exposure to dioxins is
associated with low male-female offspring
ratio (3,4). Although this type of skewed
sex ratio has been hypothesized to reflect
impaired fertility, the underlying mecha-
nisms have remained elusive. James (5) has
suggested that parental hormone levels at
the time of conception partially control
mammalian sex ratio at birth. However,
there is not enough experimental evidence
to prove the hypothesis, and again, we do
not have a theoretical basis for understand-
ing the determination of sex ratio. Thus,
both reproductive effects of dioxins and
determination of sex ratio are research areas
that need more ofourattention.
JormaToppari
University ofTurku
Turku, Finland
Niels E. Skakkebaek
Department ofGrowth and Reproduction
National University Hospital
Copenhagen, Denmark
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Mutagenic Carcinogens and
Noncarcinogens in Transgenic
Mice
In their recent article, Cunningham et al.
[EHP 104(suppl 3): 683-686 (1996)]
showed that in male B6C3F1 lad trans-
genic mice after 90 days ofdietary adminis-
tration, 2,4-DAT (2,4-diaminotoluene) led
to a twofold increase in mutant frequency
(MO, whereas 2,6-DAT did not. Based on
this, the authors believe that these data help
to validate the transgenic mouse model as a
potential indicator ofcarcinogenic response
and suggest that the Big Blue assay is also
useful for mechanistic studies of carcino-
genicity. We have doubts whether this
belief is really supported by the compiled
information, as can be easily derived from
Table 1.
In our opinion the association ofeffects
allows the following conclusions:
1. Both compounds are mutagenic in
the in vitro S. typhimurium assay. Thus,
both compounds can be considered equal
with regard to their possible tumorigenic
potential.
2. In the Big Blue assay, presence (for
2,4-DAT) or absence (for 2,6-DAT) ofthe
association of proliferation, tumorigenesis,
increase of mutation frequency, and UDS
in the same tissue (liver) is recognized.
However, whether the increase of the
mutation frequency is just a sequela ofthe
proliferative effect (clonic expansion of
mutated cells that are also present in the
negative control group) or a 2,4-DAT-
induced tumorigenic DNA alteration
remains unclear. In order to clarify this
question, the effect of a pure proliferative
stimulus (e.g., partial hepatectomy) should
Table 1.Transgenic mouse models andtestresults
Results(qualitative) for
Testsystems 2,4-DAT 2,6-DAT
In vitro mutagenicity + +
(S. typhimurium)
Proliferative forlivertissue + -
Livertumorigenic + -
Increase ofMfinthe + -
Big Blue assay
In vivo-in vitroUDS in livercells +-
have been investigated in an additional
group. Hence, it follows that liver tumori-
genicity of 2,4-DAT might be causally
linked either to its proliferative or its muta-
genic effect or to both. Additionally, it is
still questionable whether the described
effect reflects a genuine mutagenic
response, since the mutation frequencies
induced by 2,4-DAT are quite similar after
30-day (Mf:9,3 x 10-5) and 90-day treat-
ment (12,1 x 10-5). The statistical signifi-
cance reported is mainly based on the
lower spontaneous rate observed in the
control group after 90-day treatment
(Mf:5,7 x 10-5) in comparison to 30-day
treatment (12,1x10-5). Thus, in our opin-
ion, the Big Blue assay does not in this par-
ticular case provide more insight into the
mechanism of tumorigenesis and its rela-
tion to mutagenesis.
Dr. P. Ginzel
Dr. R. Re'mann
Schering EG Institute for
Experimental Toxicology
Berlin, Germany
Response
In their letter and table, Drs. Gunzel and
Reimann make three points concerning
our recent publication [EHP 104(suppl
3):683-686 (1996)]. First, conclusion 1
states that compounds that are mutagenic
in S. typhimurium should be "considered
equal with regard to their possible tumori-
genic potential." We believe there are few
in the field of mutation research that
would agree with this statement. Indeed,
mechanistic research from our laboratories
and others has focused on the overwhelm-
ing lack of concordance between in vitro
tests and in vivo bioassays. Moreover, we
feel that Drs. Gunzel and Reimann illus-
trate the pressing need for in vivo models
ofmutagenicity that incorporate factors of
physiological relevance such as chemically-
induced cell proliferation. The Big Blue
assay is such a model. Unfortunately, Drs.
Gunzel and Reimann misinterpret the data
shown in their table. 2,6-DAT is not an
hepatocarcinogen in mice or rats at the
same or higher doses than proved hepato-
carcinogenic for 2,4-DAT. Here the S.
typhimurium was not useful in predicting
potential carinogenicity. One must con-
clude that compounds that are mutagenic
in S. typhimurium cannot be necessarily
considered equal with regard to their possi-
ble tumorigenic potential. This is the point
of evaluating chemicals using an in vivo
mutation assay.
Second, Drs. Gunzel and Reimann
argue in conclusion 2 that the increase in
observed mutant frequency (MO could
arise from either 2,4-DAT induced cellular
proliferation or from 2,4-DAT induced
DNA damage. We agree. Further studies
are necessary to define the mechanism
whereby 2,4-DAT is mutagenic in the Big
Blue assay. The point stressed in our man-
uscript, and the clear conclusion from our
study, is that the carcinogen 2,4-DAT
induces mutations in the liver, whereas the
noncarcinogen 2,6-DAT does not.
Finally, Drs. Gunzel and Reimann
question the comparison of induced Mf
data with aged matched controls. We are
not comfortable making any other com-
parison. Indeed, we feel that the compar-
isons made by Drs. Gunzel and Reimann
in conclusion 2 clearly underscore the
importance ofincluding age-matched con-
trols in any in vivo mutagenesis studies.
Thus, we remain confident that our
studies with 2,4-DAT and 2,6-DAT using
the Big Blue assay provide important
insights regarding the relationship between
mutagenesis and carcinogenesis. In addi-
tion, we believe that the development of
the Big Blue and other mammalian in vivo
mutation assays provide a significant
opportunity for mechanistic studies regard-
ing the role of induced mutations in the
process ofcarcinogenesis.
Michael L Cunningham
Kenneth R. Tindall
National Institute ofEnvironmental
Health Sciences
Research Triangle Park, North Carolina
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